Violacein Targets the Cytoplasmic Membrane of Bacteria.
Violacein is a tryptophan-derived purple pigment produced by environmental bacteria, which displays multiple biological activities, including strong inhibition of Gram-positive pathogens. Here, we applied a combination of experimental approaches to identify the mechanism by which violacein kills Gram-positive bacteria. Fluorescence microscopy showed that violacein quickly and dramatically permeabilizes B. subtilis and S. aureus cells. Cell permeabilization was accompanied by the appearance of visible discontinuities or rips in the cytoplasmic membrane, but it did not affect the cell wall. Using in vitro experiments, we showed that violacein binds directly to liposomes made with commercial and bacterial phospholipids and perturbs their structure and permeability. Furthermore, molecular dynamics simulations were employed to reveal how violacein inserts itself into lipid bilayers. Thus, our combined results demonstrate that the cytoplasmic membrane is the primary target of violacein in bacteria. The implications of this finding for the development of violacein as a therapeutic agent are discussed.